Beyond Technology-Renaissance Engineers T O compete in newly emerging international markets, industry must be committed to technological change and innovation. Today's power brokers must make an attempt to keep pace with rapid changes in technology, which is somewhat like trying to change the oil in a car while it is traveling 70 mi/h down the highway. In this super-charged atmosphere, engineering is no longer solely about technology. In addition to traditional technical activities, engineering is about reasonable risk taking, teamwork, change management, nontechnical decision making, cost accounting, and marketing.
These nontechnical aspects of engineering dictate the need for engineering education to be viewed from a transdisciplinary perspective. Transdisciplinary education shifts the focus away from transient technological facts to developing the ability to collect, analyze, and synthesize data into information-skills that do not become obsolete. Transdisciplinary education leads students to look at the context of the problems they are attempting to solve. Problems have become much more complex, and the solutions to these problems may require knowledge of several scientific disciplines, business skill to acquire funds required to execute the solutions, and cultural knowledge to work with contributors from the global community.
Most engineering degree programs focus on solving today's problems with today's technologies, but this information is quickly outdated. Instead, students need to learn how to evaluate changing technologies, make appropriate choices, and integrate these changes into their organization. Skills such as the ability to identify resources and to recognize and eliminate waste are true discriminators in today's market. Knowing how to find the right data has become as important as the data itself. Asking the right questions is more critical than knowing the answers. General problem-solving skills are more important than being able to solve specific problems. The problem is not the problem-dealing with the problem is the problem.
Technical skills are still essential, but poor communication and interpersonal skills, inability to work in teams, and lack of creative thinking can limit opportunities.
Although technical skills may aid an engineering graduate in getting a job offer, other capabilities frequently determine career success. In addition to being able to address technical problems, those who receive recognition are also adept at establishing interpersonal relations, managing change, balancing their life, and maintaining an enthusiasm for learning in the workplace.
The pace of technological change contrives to limit expertise to a narrow band, resulting in a need for engineers with diverse capabilities to team together in resolving more difficult problems. Teams composed of members from diverse backgrounds provide rich soil for growing creative problem solutions. Students need contact with industry, foreign teammates, and various institutes of higher learning to develop an understanding Publisher Item Identifier S 0018-9359(02) 01916-7. of individual style and interaction skills, as well as knowledge of personal strengths and weaknesses. The cultural and personal expansion provided by educational institutions through teaming activities can help prepare students for a life of constant change and learning.
In the traditional workplace, emotional issues have been rarely addressed or tolerated; they have been seen as issues unrelated to business. Today, the concept of acknowledging emotional issues as legitimate project information is being recognized. Experience shows that project outcomes are improved by the ability to reduce stress, resolve conflicts, increase motivation, and develop positive attitudes and team unity. Engineers must deal with and not be afraid of change, while avoiding change for change's sake. Engineers must learn to live without closure-projects and plans that are never finished as a result of technological advancement and societal demands. Not only must engineers learn to deal with the stress of rapidly changing technologies, but they must also learn how to handle the power that goes with the technology they create. The information age requires engineers to have integrity and to accept responsibility for the technology created. Engineers are citizens of their community and the globe, and must be sensitive to the societal impacts of the technologies they create. Today's engineers build users' manuals to facilitate the use of a product. Tomorrow's engineers may build manuals to facilitate the ethical use of their products. Educational systems must prepare students to thrive in this unstable, dynamic environment.
As we think about the changing model of education, we naturally focus on those who deliver that education. The model of a good teacher must be redefined. In recent years, good engineering instructors have been defined as those who are good technicians. Engineering schools rarely recognize those who focus on ensuring the ethical behavior of their students or on preparing their students for entry into a real world of cost and schedule management. This comment is not meant to say that the criteria for excellence should be relaxed for engineering educators. On the contrary, engineering educators will need more technical range and depth. They will need to be able to address the human elements of engineering; they will need to be able to extract the essence of the basic elements of engineering from the volume of knowledge available; they will need to understand the process that leads to the development of scientific principles. Engineering educators will be teaching such esoteric ideas as how to put decisions into action, respect for others, active listening, and becoming a role model and mentor. Because it would not be realistic to believe that engineering educators can develop all of these skills, these requirements must be met through collaboration and the formation of consortia of educators, departments, universities, and industries.
Institutes of higher learning, industry, and students must see education in a strategic context, not as an end in itself. Industry and higher education must come together to foster a lifelong commitment to learning. Educators and corporations must stop 0018-9359/02$17.00 © 2002 IEEE looking at the engineering curriculum as a four-year, fact-filled curriculum. They must begin thinking of engineering as a 40-year curriculum addressing the mental, emotional, physical, and social aspects of the student's life. Transdisciplinary approaches are a means to this end. Transdisciplinary education may make it possible to realize a profession composed of teams of engineers acting as a single engineer, as described by Alexander Solzhenitsyn:
An engineer? I had grown up around engineers, and I could remember the engineers of the twenties very well indeed; their open shining intellects, their free and gentle humor, their agility and breadth of thought, the ease with which they shifted from one engineering field to another and, for that matter, from technology to social concerns and art. Then too, they personified good manners and delicacy of taste; well-bred speech that flowed evenly and was free of uncultured words; one of them might play a musical instrument, another dabble in painting; and their faces always bore a spiritual imprint. VICKI P. RAINEY
